Introduction
Filtrable agents were regarded for decades as monotropic causes of dermal, mucosal, neural, hepatic and glandular disease. Interest in recent years included viral infections of the lungs,' intestine,2 myocardium,3 endocardium4 and synovialis. 5 The organs and tissues mentioned often bear the brunt of infection, but viruses in general are polytropic. Renal involvement has given less concern for several reasons. It is incidental to systemic or localized viral infections, usually is mild or inapparent and seldom is of clinical importance. For example, in contrast to viral arthritis with overt inflammation, viral nephritis without clinical pathognostic evidence is detectable only by biopsy or necropsy study with cultural or serologic proof. Acute lesions if present, resemble those of other origin, and albuminuria occurs during 'febrile nephrosis' common to any febrile disease. 
Enteroviral infections
Hematuria and albuminuria often accompanied enteroviral infections. 49 Glomeruli contained fibrinoid deposits after type 9 ECHO virus disease.50 Microscopic hematuria was observed in 50% of victims during an epidemic. Acute glomerulonephritis occurred in twins infected with ECHO 9 virus. Biopsy made several weeks after the onset of disease in both cases disclosed large hypercellular glomerular tufts almost obliterating the capsular spaces and occasionally adherent to the capsular walls (Fig. 1) . Some tubules contained casts and blood, but there was no evidence of interstitial nephritis. 51 Immunofluorescent coxsackie virus antigen was detected in cells in the urine of patients.52 Types B3 and B4 antigen were demonstrated respectively as evidence of inapparent infection in the glomeruli and interstices in two patients, suggesting its possible causal relation to chronic glomerulonephritis.53 Coxsackie virus B1 multiplied in the urinary tract of inoculated mice. 54 In other mice, the glomerular tufts were engorged with erythrocytes a week after inoculation with B4 virus. Between 5 and 8 weeks later, specific antigen and immunoglobulin appeared in the glomeruli, some of which were swollen and adherent to the capsule, probably as an autoimmune-like effect. 55 Among eighteen children vaccinated orally with live type 1 poliomyelitis virus, viruria occurred in one, and in one of five control subjects. Leukocytes with cytoplasmic inclusions increased in number in the urine.56
Adenoviral disease
Glomen.ilonephritis was listed as an occurrence during adenovirus type 7 pneumonia in five of twenty-seven children. Congestion of glomeruli, cytoplasmic vacuolization and karyolysis in epithelial cells of the tubules were thought to be related either to anoxia or to the toxic effects of the virus. 57 
Miscellaneous viral infections
Influenza was thought to be a cause of nephritis in 1920,64 but at that time bacterial superinfections were common, and the viruses of influenza were unknown. Focal interstitial collections of mononuclear cells, dilated blood vessels and degeneration of the epithelial cells in the outer pyramidal zone were observed in smallpox65 which also often is complicated by pyogenic cocci. Two instances of acute glomerulonephritis followed anti-smallpox vaccination.66'67 Necropsy study of eighteen infants with congenital rubella disclosed focal, chronic, interstitial nephritis in four. Lymphocytes and histiocytes infiltrated the cortical-interstitium. Rubella virus was present in six kidneys where it was found oftenest and in the absence of viremia.68 Renal involvement accompanied generalized herpes simplex virosis.69 Focal degeneration of the kidneys was noted in rabies70 and in simian herpetic viral disease.71 A herpes-type virus was present constantly in naturally occurring winter renal tumours of frogs.72 Hematuria accompanied unilateral lesions of herpes zoster in the bladder. 73 Renal lesions of yellow fever as described in 1890 consisted of tubular degeneration, congestion, hemorrhage and necrosis of glomerular vessels and epithelial desquamation in Bowman's capsules. According to Elton, hemoglobinuric nephrosis, as a secondary lesion induced by bleeding or by hepatic injury, occasionally caused oliguria or ended in anuria and death74 (Fig. 2) around the medium-sized arterioles representing glomerulitis and arteriolitis (Fig. 3) . Urinanalysis 8 months after recovery gave normal results. 82 By means of indirect immunofluorescence on tissue obtained by biopsy, a specific heterophilereactive antigen appeared in the glomeruli and tubules in twelve of thirteen cases. A mild diffuse inflammatory reaction suggested active infection, but renal function was undisturbed.83 Electron microscopy disclosed focal deposits possibly of immune origin in glomeruli like those in lipoid nephrosis.83a Transient acute nephritis occurred in a youth with infectious mononucleosis-like disease. There were albumin, erythrocytes. leukocytes and casts in the urine, temporary hypertension and retention of urea nitrogen in the blood. 84 In mice inoculated with lymphocytic choriomeningitis virus, direct immunofluorescent technique visualized the virus and its antibody deposited in the mesangia and capillary walls of the glomeruli and tubular cells (Fig. 4) During many viroses, features suggesting specific renal involvement are: (a) viruria, (b) inclusion-bearing cells in urine or tissue, (c) virus in the kidney or immunofluorescent evidence of its presence, (d) impaired renal function, (e) clinical, and (f) pathologic evidence of nephritis or the nephrotic syndrome. All or almost all of these six factors are needed to prove causal relation of a virus to renal disease. This has not been accomplished according to published studies, but is anticipated in future ones. Even those features are inconclusive and must be considered respectively: (a) viruria may ensue harmlessly after filtrable agents are excreted during viremia or when viruses are commensal in the kidney, (b) cellular inclusions are nonspecific and similar bodies appear in urine during non-viral infections and of healthy persons, (c) some viruses reside commensally in the kidney or may be present transiently without lesions, and (d), (e) and (f) acute nephritis or nephrosis may be of non-specific origin during any febrile disease.
